Verification of new lot reagent's suitability is necessary to ensure that results for patients' samples are consistent before and after reagent lot changes. A typical procedure is to measure results of some patients' samples along with quality control (QC) materials. In this study, the results of patients' samples and QC materials in reagent lot changes were analysed. In addition, the opinion regarding QC target range adjustment along with reagent lot changes was proposed. Patients' sample and QC material results of 360 reagent lot change events involving 61 analytes and eight instrument platforms were analysed. The between-lot differences for the patients' samples (Á P ) and the QC materials (Á QC ) were tested by Mann-Whitney U tests. The size of the between-lot differences in the QC data was calculated as multiples of standard deviation (SD). The Á P and Á QC values only differed significantly in 7.8% of the reagent lot change events. This frequency was not affected by the assay principle or the QC material source. One SD was proposed for the cutoff for maintaining pre-existing target range after reagent lot change. While non-commutable QC material results were infrequent in the present study, our data confirmed that QC materials have limited usefulness when assessing new reagent lots. Also a 1 SD standard for establishing a new QC target range after reagent lot change event was proposed.
Introduction
It is essential that clinical laboratories achieve consistent and reliable test results. Tests performed using a modern automated clinical chemistry analyser involve the instrument, the calibrator and one or more reagents. Reagent lot changes occur relatively frequently because large amounts of reagents are used for short periods. Therefore, to ensure the consistency of the test results of a clinical laboratory, the results before and after reagent lot changes should be analysed at the statistical level. 1 For this reason, the inspection checklist of the College of American Pathologist (CAP) requires that when there is a reagent lot change, a certain number of patient specimens and 2-3 levels of quality control (QC) materials should be tested with the new and old reagent lots. 2 When differences in the results measured using new lots and old lots meet the acceptance criteria in each laboratory, the test results are considered as consistent irrespective of reagent lot changes. Although acceptance criteria vary from laboratory to laboratory, a new lot is generally considered to be acceptable when (i) the results of the patient specimens obtained with the new lot do not differ from those with the old lot 3 and (ii) the QC material values obtained with the new reagent lot fall within the predefined QC material target range of the old reagent lot. The validation process can be passed only when these both criteria are met.
However, there are some doubts about the usefulness and significance of the second criterion in lot-tolot consistency evaluations because QC materials can show 'non-commutability', namely, the different numeric relationship between the test results with QC materials and those with patient specimens. 1, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] This non-commutability of QC materials relates to a matrix effect that occurs during the production of QC materials and is due to the use of substances whose properties differ from those of similar substances in patient clinical specimens. 6, [14] [15] [16] However, despite the fact that QC materials cannot completely reflect the characteristics of patient specimens, they are used in the daily and routine internal QC practices of clinical laboratories. In this regard, the target ranges of QC materials need to be adjusted when the results of QC materials measured with new lot reagent are abruptly changed due to non-commutability. But there is no specific guideline as to the extent of alteration that demands the adjustment of QC material target ranges.
In this study, we estimated the extent of changes in QC materials' results relative to patient specimens during reagent lot changes. In addition, we estimated the degree of changes in QC materials' results caused by reagent lot changes and proposed the criteria of QC target range adjustment.
Materials and methods
The parallel test results of patient and QC samples after 360 reagent lot change events in the clinical chemistry laboratory of the Department of Laboratory Medicine, Asan Medical Center, Seoul from January 2009 to April 2012 were analysed. These reagent lot changes involved eight instrument platforms and 61 analytes. Manufacturers and models of the laboratory measurement procedures used and the manufacturers of the QC materials used for each measurement procedure are listed in Table 1 .
In the laboratory, the new lot reagents are validated by testing 3-5 patients' samples and 2-3 levels of QC materials with both old and new lots. The new lot is considered to be acceptable when the average Delta % of the patients' sample results obtained with the new and old lots fall within AE10%. Delta % was calculated as follows: ([new lot result -old lot result] /old lot result) Â 100. Also QC materials' results are regarded as acceptable when the results tested with new lots fall within the predefined target range with old lot. Our laboratory usually establishes the target range as mean-AE 2 SD by using the mean and standard deviation (SD) derived from the initial evaluation study.
All patient and QC sample tests with old and new reagent lots were conducted under similar conditions using identical equipment, reagents and manufacturer's guides.
Statistical procedures
For all 360 reagent lot changes, the results of the patient specimens and QC with the old and new lots were natural log-transformed, and the differences between the new and old lots for each sample (Á P ) and quality control (Á QC ) were calculated. For each reagent lot change event, the differences between Á P and Á QC were tested for significance by using Mann-Whitney U testing because there were 3-5 Á P and Á QC , below 30, in each reagent lot change event. The software SPSS version 13.0 (SPSS, Inc., Chicago, IL, USA) was employed for this. P values below 0.05 were considered to be statistically significant.
The 28 reagent lot changes associated with a significant difference between Á P and Á QC ( Table 2) were then examined more closely. For each of these events, the patient or QC result with the old lot was subtracted from the patient result with the new lot to yield D p or D QC , respectively, which could be a positive or negative number. The D p and the D QC of each of the 28 reagent lot changes were then compared to see if they were both positive, both negative (i.e. the changes were in the same direction) or one was positive while the other was negative (i.e. the changes were in opposite directions).
In total, there were 962 D QC results in the 360 reagent lot change events. For each of these 962 D QC results, the size of the D QC was calculated by dividing it by the SD used in the predefined criteria set for daily QC tasks and parallel testing. Thus, D QC was expressed as a multiple of SD. These multiples of SD results were then classified into five categories: <0.5, 0.5-1.0, 1.0-1.5, 1.5-2.0 and >2.0. The QC results in each corresponding category were assessed. 
Results
As presented in Table 2 , the Á P and Á QC differed significantly (P < 0.05) in 28 of the 360 reagent lot changes (7.8%). The 360 reagent lot changes involved 171 general chemistry tests and 189 immunoassays. The Á P and Á QC differed significantly in 14 (8.2%) and 14 (7.4%) of these test types, respectively. The two test types did not differ in terms of frequency of Á P and Á QC differences (P ¼ 0.937). In addition, in 73 and 287 of the reagent lot change events, the QC material was provided by the method manufacturer and a third party, respectively.
The Á P and Á QC differed significantly in 3 (4.1%) and 25 (8.7%) lot change events for each source of QC material. However, two sources of QC material did not significantly differ in the frequency of Á P and Á QC differences (P ¼ 0.229). The 360 reagent lot change events were then analysed more closely by calculating D QC and D P and determining the direction of change (Table 3 ). Among 28 events that were associated with significant Á P and Á QC differences, both D QC and D P showed change in the same direction in 12 events (42.9%) and the opposite direction of change in the remaining 16 events (57.1%). Analysis of the D QC and D P trends in the 332 reagent lot change events that were not associated with significant differences between Á P and Á QC revealed that both D QC and D P showed the same direction changes in 220 (66.3%) of the events. The remaining 112 events (33.7%) were associated with opposite trends. However, these frequencies did not differ significantly from the frequencies of the 28 events showing significant differences between Á P and Á QC . Table 4 presents how the D QC in all 360 reagent lot change events (962 new versus old QC pairs) varied in size. For this, D QC was expressed as a multiple of SD. In total, 446 (46.4%), 237 (24.6%), 123 (12.8%), 72 (7.5%) and 84 (8.7%) QC pairs fell in the <0.5, 0.5-1.0, 1.0-1.5, 1.5-2.0 and >2.0 multiple-of-SD categories, respectively. The two assay methods (general chemistry versus immunoassay) did not differ significantly in terms of the frequencies in the multipleof-SD categories. For example, the general chemistry and immunoassay frequencies in the <0.5 multipleof-SD category were 50.9% (209/411) and 43.0% (237/551), respectively. In the >2.0 multiple-of-SD category, these frequencies were 6.6% (27/411) and 10.3% (57/551), respectively.
Discussion
Ideally, when patients' samples and QC materials are measured before and after reagent lot changes, the test results should be the same; this is often not the case. Instead, each laboratory defines acceptance criteria that signal whether the test results with a new reagent lot are consistent with the test results with the old reagent lot. The standard used in our laboratory is the new reagent lot was considered to be acceptable if (i) the same patient specimens tested with the new and old reagent lots returned values do not differ by more than AE10% (3), and (ii) the values obtained by testing the QC materials with the new lot reagent fell into a conventional predefined target range. We were able to confirm that reagent lot testing in our laboratory satisfied all acceptance criteria and met the requirements of CAP (data not shown). However, these criteria are the minimal requirement as practice guideline and insufficient as the standard of optimal laboratory practice.
In the present study, the differences in the values of patients' samples (Á P ) and QC materials (Á QC ) after testing with the old and new reagent lots were determined. Only 7.8% of the 360 lot change events exhibited statistically significant differences between Á P and Á QC . By contrast, another study by Miller et al. 1 reported that 40.9% of lot change events were associated with statistically significant difference, even though similar clinical chemistry test items and instrument platforms were used in both studies. According to our lab policy, usually 3-5 patients' samples are tested per each reagent lot change event for parallel test. Thus, we had to analyse the data using Mann-Whitney, a non-parametric statistical test, in the present study, while t-test with Satterthwaite adjustment was used in the previous study. 1 The disparity might be possibly attributed to the difference in statistical method. The present study also showed that the frequencies of significant differences between Á P and Á QC did not differ when the general chemistry tests were compared to the immunoassay tests. In addition, the source of QC material (third party versus the method manufacturer) did not significantly affect these frequencies. However, when QC materials from a third party were used, 8.7% events showed significant differences between Á P and Á QC , whereas the QC materials from the method manufacturer were associated with a relatively lower rate of such differences (4.1%). This phenomenon suggests the possibility that QC materials provided by method manufacturer have fewer matrix effects compared with those provided by third party. The use of QC materials is inevitably compromised by intrinsic non-commutability problems. This noncommutability reflects the fact that the matrix of QC materials generated by the manufacturing process is different to that of patient specimens. As a result, questions have been asked about the usefulness of considering the lot-to-lot QC test data when determining whether a new reagent lot is acceptable. For example, our experience with non-commutability problems is generated by the use of non-human source (animal placenta) QC materials for an alkaline phosphatase assay. 17 Moreover, when performing new versus old lot tests for a lipase assay, we found that although the patient specimens rarely showed marked differences between the new and old lots, the values of the high level QC materials often exceeded the target range (unpublished data). Later, we found that this discrepancy was due to a matrix-related bias caused by the use of non-human (porcine-based) lipase in the QC materials. Thus, in our experience, QC material results obtained with reagent lot change are not 100% reliable and should only be considered as a reference. This is supported by the analysis in the present study of the trends of D QC and D P in the 332 lot change events that were not associated with significant differences between Á P and Á QC ; D QC and D p only followed the same trend in 66.3% of these events. Thus, even in the present study, the usefulness of the lot-to-lot QC material data in establishing the suitability of a new lot was limited.
Since QC materials are used in reagent lot change parallel tests in daily practice, it is important to adjust the target range of QC materials after reagent lot change to reduce the rates of false positive and false negative errors, as these errors eventually lead to inappropriate errors. Actually, applying too strict standards wastes resources (including reagents) and increases the test time. However, there are currently no guidelines about the degree of readjustment that will be associated with the lowest rates of false positive and false negative errors.
In our laboratory, the QC material target range is set as the mean AE 2 SD of the results of initial validation when the lot number of QC material is changed like our laboratory. If the distribution of the repeated measured values of QC materials follows a normal distribution curve, the false positive or false negative rates of QC material measurements with a new reagent lot can be calculated by dividing the D QC (the difference between the QC material results with the new and old lots) by SDs ranging from 0.5 to 3.0, thus yielding multiples of SD. The theoretical false positive and false negative rates associated with these SDs are presented in Table 5 , which shows that the false detection rate (false positive rate plus false negative rate) is 15.8% (13.6% þ 2.2%) when the QC material values with the new lot reagent differ from the mean of the predefined target range by 1.0 SD. The false detection rate increases drastically to 30.9% (28.6% þ 2.3%) when the new lot QC material values differ by 1.5 SD. With this estimation, we propose that 1.0 SD should be the cutoff for maintaining pre-existing target range after reagent lot change. 1.0 SD criteria seem applicable to all the daily QC practice; however, some modification may be necessary depending on test items, the concentration of QC materials and the number of QC materials.
When the size of D QC in all 962 new versus old lot QC result pairs was assessed by calculating the multiple of SD using the SD employed in the predefined acceptable criteria, 71.0% of the QC results fell into multipleof-SD categories below 1.0 (which is the theoretical standard that was suggested earlier). Thus, in 29% of reagent lot change events, the QC target range has to be readjusted when 1.0 is used as the upper limit of the target range.
In conclusion, this study confirmed that the QC material data in parallel tests performed during reagent 
